Abstract. -We have measured the sky brightness at the European Southern Observatory (ESO), La Silla, during 40 moonless nights in the years 1978 -1988. Most of the measurements were performed in five intermediate band filters between 3500 and 5470Å, including the Strömgren u, b, and y bands. In addition we made measurements in the uvgr and BVRI photometric systems. Typically 20 to 40 readings were obtained each night at a fixed (α, δ) position, selected to be free of stars down to a limiting magnitude of B≈ 20. The sky brightnesses were calibrated using standard stars. We discuss the sky brightness variations both during individual nights and from year to year. We have found that the long-term variations are well correlated with the solar activity, for which the 10.7 cm radio flux is used as a measure. We compare the sky brightnesses as observed at La Silla with the published values for several other sites. Finally, based on the tight correlation of the airglow variations in two pass bands near 4000Å we propose a new method for the separation of airglow and zodiacal light contributions.
Introduction
The brightness of the night sky at an undisturbed site consists of several natural components of both extraterrestrial and atmospheric origin, including the extragalactic background light (EBL), the integrated light of stars (ISL), the diffuse galactic light (DGL), the zodiacal light (ZL), the airglow (AGL) and aurora, as well as the scattered light from the earth's troposphere. During the past decades man-made lighting has caused, via its scattering in the troposphere, an ever-increasing additional contribution to the light of the night sky (LONS). This light pollution has been of great concern to the astronomical community (see e.g. McNally 1994) and raises the need, besides measures taken to protect the sky, also for more observing campaigns. There has also been interest from geophysicists to have new night sky data for comparison with the airglow monitoring conducted during the International Geophysical Year in 1957-58.
Besides its absolute level another important aspect of the sky brightness is its long-and short-term variability Send offprint requests to: K. Mattila Based on observations made at the European Southern Observatory, La Silla, Chile
Figs. 3 and 4 only available in electronic form at CDS via ftp 130.79.128.5 which is caused by the varying level of airglow, and, to a lesser extent, by the varying tropospheric conditions. While the short-term variability (minutes to hours) may be harmful for observations of very faint sources the longterm variability (∼ solar cycle) may mask the increasing level of light pollution.
Long-term observing campaigns have been carried out at several observatories and potential sites to determine the total natural sky background as well as to monitor the level of sky pollution by artificial lighting (see e.g. Lyutyi & Sharov 1982; Pilachowski et al. 1989; Leinert et al. 1995) . For the ESO observatory at La Silla very few data on the sky brightness have been published so far. The BV RI values given in The ESO Users Manual (Schwarz & Melnick 1989) refer to earlier, rather scanty observations by the present authors (Schnur & Mattila 1979) . La Silla is one of the very few major observatory sites with no or only negligible pollution from artificial lighting. The nearest cities are Vallenar, 65 km NNW, and La Serena/Coquimbo, 150 km SW of La Silla, with populations of 38000 and 164000, respectively. Their combined contribution to the sky brightness at La Silla can be estimated to be less than 0.02 mag (Walker 1977) .
In the present paper we report on an extensive series of sky brightness measurements at La Silla during the years [1978] [1979] [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] . The sky brightness data were obtained as a byproduct of long-term projects aimed at the measurement of the extragalactic background light and the diffuse light in clusters of galaxies. The observational procedures and reduction techniques are described in Sect. 2. The results are presented in Sect. 3. In Sect. 4 we discuss the sky brightness variations and their correlation with solar activity. In Sect. 5 we compare the sky brightness values as measured at La Silla with other observing sites. In Sect. 6 we suggest a new method for the separation of airglow and zodiacal light, and in Sect. 7 we present our summary and conclusions.
Observations and reductions
The observations were carried out at the European Southern Observatory, La Silla, Chile. The observatory is located at λ = 70
• 43.8 W, ϕ = −29
• 15.4 and at a height of 2350 m. Two telescopes were used simultaneously, the ESO 1-m and 50-cm telescopes, located at a distance of ca. 200 meters from each other. Each telescope was equipped with a standard single-channel photoelectrical photometer.
Intermediate band pass data
Our intermediate band observations were carried out primarily for the purpose of separating the extragalactic background light from the other night sky brightness components. The method utilizes the shadowing effect of a high-galactic latitude dark nebula (cf. Mattila et al. 1991) . A two-telescope measuring technique was introduced for the purpose of eliminating the airglow variations. The 50-cm telescope was used as a monitor and was pointed towards the same position on the sky (α, δ fixed) in or near the dark cloud during the whole measuring cycle. The 1-m telescope was used to measure several individual starfree positions within and outside the dark cloud in a total area covering some 5 degrees on the sky. A "standard" position was measured typically from one to three times each hour at the 1-m telescope. The 50-cm telescope data could have been used for the present purpose also alone, without the 1-m telescope data. However, the calibration was done with the 1-m telescope only. Also, because of the much larger focal plane aperture size used at the 50-cm telescope the contribution of starlight was unavoidably present whereas it was excluded down to the limiting magnitude of B ≈ 20 mag in the 1-m data.
For these reasons, only the "standard" position values from the 1-m data were used to get the final sky brightness directly. However, the 50-cm data were used, in addition, to get "effective" standard position measurements; this could be done because the ratio of the responses from the two telescopes remains very stable during the night despite the temporal variations of the airglow. For the standard positions we calculate the ratio of the 50-cm and 1-m counts and then interpolate the ratio values corresponding to measurements between two consequtive standard positions. A simple linear interpolation is justified by the stability of the ratio values. Dividing the value of 50-cm in-between -count with the interpolated ratio, we get the corresponding count rate for the 1-m standard position. This method was used in connection with the reductions of all the intermediate band data.
Our observing method, although not specifically intended for the total night sky brightness measurements has some advantages as compared with the previous night sky brightness measurements: (1) we have selected fixed, well-identified positions which were repeatedly observed in the different nights and years; thus, the differences (in zodiacal light and galactic light components) between different α, δ positions on the sky do not introduce scatter in our data; (2) the positions are selected to be free of stars down to B ≈ 20 mag. Thus, the starlight contribution is negligible and does not introduce additional scatter. The elimination of the starlight component is especially important when measuring in the "pseudocontinuum" of the airglow spectrum; (3) for multicolour observations it is important that all colours are are observed at the same position and at nearly the same time; (4) because the zodiacal light contribution varies greatly over the sky it is important that the measured positions are known and the ZL differences are taken into account when comparing different data sets.
The sky brightness measurements in the intermediate band filters were carried out in a total of 24 nights in four sets of observations: June 22-24, 1979 , December 6-10, 1980 , December 15-20, 1987 , and December 2-11, 1988 . The dark cloud L134 was observed in the year 1979 and L1642 in the rest. The coordinates for the "standard" observing positions are given in Table 1 . The airmass values as function of the local sidereal time are shown in Fig. 1 .
The diameter of the focal plane aperture used at the 1-m telescope was 6.40 mm corresponding to 86.55 arc sec on the sky. The effective aperture solid angle was determined by comparing the sky signal of this larger (non-uniform) aperture with the sky signal measured with smaller apertures (assumed to be uniform). It was found to be 4.13 10 −4 sq. degrees or 1.27 10 −7 sterad, corresponding to a "beam efficiency" of 0.91. (This beam efficiency is wrt the response at the centre of the apertures where the standard stars were placed during the calibration measurements.) At the 50-cm telescope, in order to maximize the signal, no focal-plane aperture was used. This resulted in a non-uniform beam corresponding to an effective aperture diameter of ∼ 7 .
The photomultipliers were of the same type at both telescopes: EMI 6256S in 1979 and EMI 9789 QB in 1987 . In the years 1980 and 1987 we used five filters, u (3500Å), 3840Å (∆λ = 175Å), 4160Å (∆λ = 140Å), b (4670Å), and y (5470Å). Of these, u, b and y Stone (1977) and Oke (1974) . A journal of observations and the extinction coefficients are given in Table 2a . We should emphasize that our sky brightness values are as actually observed from the ground with no extinction correction made. An extinction correction would not be meaningful for the present purpose. The extinction coefficients are needed, however, for the determination of the calibration factors in terms of (extraterrestrial) stellar fluxes.
BVRI data
The BV RI broad band sky brightness measurements were carried out in the four consequtive nights February 5-8 1978 . The primary aim of these measurements was to determine the diffuse light in galaxy clusters. The broadband sky brightnesses to be reported here were obtained and calibrated at the 1-m telescope alone. The standard set of B, V, R, and I filters available at ESO, La Silla was used. The aperture size was 60.86 arcsec and was assumed to have a "beam efficiency" of 1. The type of photomultiplier was RCA 31034A. The minimum count rate for the sky readings was ∼ 3000 counts/s.
The sky brightnesses were calibrated and atmospheric extinction coefficients were determined by observing in each night ca. 10 standard stars (V = 10−13 mag). A journal of observations and the extinction coefficients are given in Table 2b . The B and V magnitudes and colours are in the Johnson (1955) system and the V − R and V − I colours in the Arizona-Tonanzintla system (Iriarte et al. 1965) . The following type of colour equations (with the values of constants for Feb. 5th inserted) were used for the colour transformations between the extraterrestrial instrumental magnitudes, b, v, r, i, and the standard U, B, V, R, I magnitudes:
These equations represent a simplified form of the system used for stellar photometry. Colour-terms depending on stellar spectral characteristics (such as the U − B excess) were not included since the night sky spectrum is very different from typical stellar spectra.
The sky brightness values are expressed in units of 10th magnitude stars per square degree, S 10 . The transformation into the frequently-used units of mag/ is given by I(mag/ ) = −2.5 lg I(S 10 ) + 27.78.
uvgr data
The sky brightness measurements in the uvgr intermediate-band photometric system of Thuan & Gunn (1976) were carried out in 16 nights during four observing sessions: May 10-11 1980, February 24 -March 1 1982, August 15-16 1982, and January 13-18 1983. The aim of the observations was to measure the diffuse intergalactic light in clusters of galaxies (see Schnur 1980) . Simultaneous measurements were carried out at the ESO 1-m and 50-cm telescopes. The standard ESO filters for the uvgr system (Nos. 232-235 for the 1-m and 236-239 for the 50-cm telescope) and RCA 31034A photomultipliers were used. The diaphragm size at the 1-m telescope was 86.55 arcsec, the integration time per filter was 10 s, and the minimum count rates were ∼ 2000 counts/s. A "beam efficiency" of 0.91 was used, i.e. the effective aperture area was the same as for the intermediate band observations. The sky brightness measurements were calibrated and atmospheric extinction coefficients (see Table 2c ) were determined by means of standard star observations from the list of Thuan & Gunn (1976) . Our photometric system was found to reproduce the Thuan and Gunn standard system with sufficient accuracy; thus, no colour transformations were introduced. The sky brightness values are expressed, as for BV RI, in S 10 units.
The zero points for the magnitudes and colour indices in the uvgr-system are defined wrt the primary standard BD+17
• 4708, an sdF6 star. In order to facilitate a comparison with sky brightness data in the UBV RI-system we present the uvgr data also in a modified uvgr system in which the zero points are defined wrt A0V spectral type. Using the average values for six A0V stars as observed by Kent (1985) we find that an A0V star with U = B = V = R = 0 has the following uvgr magnitudes: u = −0.24, v = −0.54, g = −0.19, r = 0.32. Thus, in order to transform the sky brightnesses into an "A0V-based uvgr-system" we have to multiply the uvgr intensities (given in S 10 ) by the factors: 0.802(u), 0.608(v), 0.839(g), and 1.343 (r).
To facilitate a comparison with our intermediate band photometry we have calibrated the uvgr measurements in units of 10 −9 ergs cm −2 s −1 sterad −1Å−1 . This was done by using the spectrophotometry of Oke and Gunn (1983) for the uvgr primary standard BD+17
• 4708 along with the uvgr filter band pass curves as given by Thuan & Gunn (1976) . Thus we found the following factors by which the uvgr intensities given in S 10 are to be multiplied to convert them into units of 10 −9 ergs cm −2 s −1 sterad
.41(g), and 1.00 (r).
Results

Sky brightness values: Intermediate band data
The individual intermediate-band sky brightness values for each night are presented in Fig. 3a . The data were taken only during moonless hours (except at the end of the nights 1987-12-15 and 1988-12-02) and mostly with no twilight contamination. In a few cases we have included some measurements during the evening twilight hours: 1980-12-07/09, 1988-12-08/09/10. In these cases one can see an upturn of sky brightness, especially at the shortest wavelengths (see Fig. 3a ). We present in Table 3 and in Fig. 5 the nightly averages of the sky brightnesses. A representative value for each observing night was determined by averaging the values between 15 and 17 hours LST in the year 1979 (target: L134) and between 3 and 6 hours LST for the other years (target: L1642). For the night 1988-12-06 we use for the averaging only the last hour of the night (during which L1642 was observed). The whole night of 1988-12-05 was spent at a different position (S245) (See Fig. 3 ).
Sky brightness values: BVRI data
The individual BV RI sky brightness values along with the colour indices B − V, V − R, and R − I are presented in in Fig. 3b . The solid and open symbols in this figure refer to ON-and OFF-positions, respectively, in the observed clusters of galaxies. The nightly averages of sky brightness are given in Table 5 both in units of S 10 and mag/ .
Sky brightness values: uvgr data
The individual sky brightness measurements in the uvgr system are shown in Fig. 3c for the three nights Feb. 24, 26, and 28 1982. The colour indices u − v, v − g, and g − r are shown as well. The nightly averages are given in -246  247  293  --445  23  -248  252  303  --456  24  -248  253  307  --518  1980-12-06  553  353  381  376  --816  07  402  260  308  334  --585  08  469  299  347  386  --773  09  348  252  285  299  --517  10  378  285  316 Table 6 for all 15 uvgr observing nights. The left-hand part of the table gives the data in S 10 units in the proper uvgr system, whereas the right-hand part contains the sky brightnesses in a modified system where -in order to facilitate comparison with UBV RI data -the zero points are wrt A0V spectral type (see Sect. 2.3).
Sky brightness variations
As the zenith distance of a measuring position changes during the night one would expect that its brightness varies, because of the varying path length through the airglow layer, in accordance with the van Rhijn (1921) formula, i.e. very roughly speaking proportionally to the airmass. This would mean that for our targets a minimum sky brightness should be observed at LST = 16 h for L134 and at LST = 4.5 h for L1642. Such a systematic behaviour is, however, generally not observed. The sky brightness variations are dominated by the overall variability of the airglow and possibly also by its patchy structure.
The sky brightness variations in individual nights display a multitude of different patterns, with both increasing, decreasing and almost constant time behaviour (see Fig. 3 ). We do not see any indications for the systematic every-night behavior of a decreasing sky brightness after the end of twilight as reported by for the San Benito Mountain during the period 1976-87. For Kitt Peak, Pilachowski et al. (1989) also found greatly varying brightness vs. time behaviour patterns.
It can be seen from Fig. 3a that in most cases the time variations in different intermediate band filters seem to be correlated. In order to study the correlations in more detail we have calculated the correlation coefficients between the different colours for each night. The median values of these correlation coefficients are shown in Table 7 . It can be seen that large correlation coefficients (ρ ∼ 0.9 ) are found between all band passes. We present in Fig. 4 examples of the correlations between the different filters with the y-filter for the years 1979, 1980 and 1987. We see that in the 1980 and 1987 observing periods the correlations were tight, both during each individual night and from night to night, whereas in 1979 the scatter was much larger. For our broad band (BV RI) measurements in 1978 February the correlations between the different filters are less pronounced. This is especially true for the R and I bands and for the nights1978-02-7/8 (see Fig. 3b ). Barbier (1956) investigated extensively the correlations between the different airglow emission lines and "pseudocontinuum" bands using eight intermediate bands centered at 3670Å (∆λ = 350Å), 4400Å (570Å), 5260Å (120Å), 5580Å (115Å), 5900Å (140Å), 6340Å (460Å), 6300Å (130Å) and 6700Å (broad band). Three filters of his set correspond closely to our filters u(3500Å), b(4670Å), and y(5470Å). Barbier found good correlations between several of his eight band passes both within one night and from night to night. He established three "covariance groups" of emissions. Barbier's first group is of special interest for us. It includes the four bandpasses 3670 A, 4400Å, 5260Å and 5580Å. We do not have a filter corresponding to 5260Å, but we find that the other three band passes corresponding to Barbier's group I also show good correlation in our case. Dumont (1965) has utilized extensively the correlation of the 5577Å line with the "pseudocontinuum" at 4600Å (∆λ = 200Å), 5020Å (240Å), and 5700Å (140Å) for the purpose of separating the airglow from the ZL and other extraterrestial night sky components. found that during the period 1976-87 the broad band night-sky brightnesses in the V and B photometric bands were well-correlated with the solar 10.7 cm radio flux, used as an indicator of the solar activity. These results demonstrated that the correlation between sky brightness and solar activity exists, not only for the strong lines but also for the airglow (pseudo)continuum emission which dominates at least in the B band. We present in Fig. 5 the nightly averages as a function of date for our intermediate-band and uvgr observations. In the figure are also plotted the monthly mean values of the 10.7 cm solar flux (in 10 4 Jy) and the sunspot numbers. The u-bands of both these photometric systems are very similar (see Fig. 2) ; therefore, these data have been combined into the same figure. The Thuan & Gunn v-band is well covered by the combination of our 3840 and 4160Å filters; therefore, we have combined the v-band data with average values of the 3840 and 4160Å intensities. The Strömgren b band covers the short-wavelength half of the Thuan & Gunn g-band; because the f λ -spectrum of the night sky is almost flat over this wavelength domain (see Fig. 7 of this paper and Fig. 7 of Leinert et al. 1995) , we have combined the b and g band data into the same figure. We note also that our targets for the intermediate band observations (L134 and L1642) and the uvgr-observations (clusters of galaxies) were at almost the same ecliptic latitude and had nearly the same I ZL (see Table 1 ) and the same airmass of ∼ 1−1.4 (see Fig. 1 ).
It can be seen from Fig. 5 that the sky brightness shows a slight rise from 1979 to 1980 and then a clear tendency of decreasing intensity to 1987, and finally an increase to the year 1988. This dependence has a clear similarity with the solar activity: solar activity had its maximum in December 1979 and a minimum in September 1986; the next maximum was in July 1989. However, we see also that the scatter between the individual nights within a given observing period, particularly at the times of maximum, is roughly half of the long term (year-to-year) changes.
In order to study in more detail the correlation with solar activity we plot, in Fig. 6 , the nightly averages of sky brightness against the solar 10.7 cm flux. The error bars indicate the standard deviations of individual measured values (due to nightly airglow variations) included in the averages. The solar 10.7-cm flux values, as measured at 17.00 hours UT every day at the Ottawa River Solar Observatory, were obtained from National Geophysical Data Center, Boulder, Co. They are the "observed values" (i.e. not corrected to a 1 AU solar distance). For each night the flux value from the day before the night was adopted. It has been found previously that the 10.7 cm flux is a good indicator of the solar activity and has a somewhat better correlation with the 5577Å airglow line than the Zürich sunspot numbers (e.g. Rosenberg & Zimmerman 1967) .
Correlation coefficients for the individual scatter diagrams are presented in Table 8 . It can be seen that the two quantites are clearly correlated in all filters.
The least squares fits are also given in Table 8 . The slopes of these relationships are such that, for our observed range of solar flux values from 90 to 190 10 4 Jy, the sky brightness changes by a factor of 1.69, 1.50, 1.49, 1.46, 1.45, 2.06, and 1.55 in the colours u, 3840, 4160, v/(3840+4160), b/g, y, and r, respectively. A comparison with the results of Leinert et al. (1995) shows that the slopes are, in the present case, somewhat larger in the u, 3840Å and 4160Å bands, and somewhat smaller in the b/g band than the coresponding values for Calar Alto. The mean value of the slopes for 3840, 4160, v and b corresponds to 0.41 mag., in good agreement with the difference of 0.35−0.40 mag which is obtained from B band data (his Fig. 4 ). Our corresponding number for the y band data is 0.79 magnitudes which is larger than Walker's V band value of ∼ 0.45 mag; this is understandable since the y band sky brightness is strongly influenced by the 5577Å line. Our number for the Thuan & Gunn r band is 0.48 mag, which is in good agreement with Walker's V value. Our observations thus confirm both qualitatively and quantitatively results on the correlation of the airglow "pseudocontinuum" intensity with the solar activity. A corollary of this correlation is that, for the purpose of comparing sky brightnesses obtained at different dates, one has to take the level of solar activity into account.
We have also checked whether the correlation found for the year-to year variations pertains also to the short-term (night-to-night) variations of the sky brightness. For this purpose the data points for different years are indicated with different symbols in Fig. 6 . The data points for each year were obtained during an observation period of about one week. As can be seen from Fig. 6 , the daily correlations are much weaker than the overall correlation. In the years 1979 and 1987 (nearest to the solar activity minima) both the sky brightness and solar flux remained comparatively stable. In the years 1980 and 1988 there is more scatter in the solar flux values but if there is any trend in the sky brightness values, it is in the opposite direction to the expected one. We conclude that our data do not indicate any conclusive short-term correlation between the nightsky continuum brightness and the solar 10.7 cm flux as measured during the preceeding day. suggestion that the night sky brightness could be predicted by using the solar radio flux measurement of the previous day appears too optimistic on the basis of our data. Our results are in qualitative agreement with Rosenberg & Zimmerman (1967) who found that the correlation between the 5577Å line and the 10.7 cm flux was much weaker for the nightly averages than for the monthly averages.
Besides the solar activity also the lunar and solar tides have been found to trigger variations in the airglow emission line intesities (cf. Chamberlain 1961, p. 548; Christophe-Glaume 1965; Hecht et al. 1995) . Inspection of our data for such effects did not reveal any clear indications for a tidal modulation.
Comparison with other observing sites
Level of sky brightness: intermediate band data
The results of the previous section demonstrate that it is important to take the level of solar activity into account before trying to compare sky brightness measurements made at different sites at different times. Also, even at the same level of solar activity (10.7 cm flux) large nightto-night variations occur in the sky brightness (especially close to solar maxima) making it necessary to collect data during several nights before any conclusions can be drawn.
We can compare our measured intermediate band sky brightnesses directly with Barbier's (1956 Barbier's ( , 1961 results from Haute Provence in the years 1953-59, with Dachs's(1970) results from the "Jonathan Zenneck" research station at Tsumeb (Namibia) in the year July 1965 to June 1966, and the sky brightness measurements from Calar Alto in the years 1989-1993 . We compare in Table 9 our data with Barbier, Dachs and Leinert et al. in four wavelength domains which were close to our's. For each data set (exept Tsumeb) we give the minimum and maximum value determined as the average of the three smallest (largest) values in the data set. For Tsumeb the values for individual nights were not available but only the mean values (for the whole data set) and their standard errors; they are given in Table 9 . It can be seen that (1) 2) at 3920Å the Tsumeb value is ∼ 20% lower than the ESO minimum value at 3840Å, but it should be noted that for Tsumeb the contribution of the airglow line at 3914Å has been subtracted and that the whole Tsumeb data set refers to the time of solar minimum; the Calar Alto minimum value is ∼ 20% higher than the ESO value whereas the maximum values for these two sites are almost the same; (3) for the blue filters (4400/4670/4900Å) the ESO values agree very well with Haute Provence and Tsumeb, while the minimum values of Calar Alto are ∼ 30% higher; (4) for the green/yellow filters it is more difficult to compare the ESO results with the three other data sets because the Haute Provence and Calar Alto filters avoid the 5577Å line and in the case of Tsumeb its contribution has been subtracted; nevertheless, the minimum ESO values are close to the minimum values for Calar Alto and Tsumeb and no more than 35% higher than the values for Haute Provence which can be accounted for by the 5577Å line; (5) in summary, although the data sets are not fully comparable -e.g. reduction to zenith would reduce the ESO and Calar Alto values by 10−15% -the fact remains that the ESO ultraviolet sky is darker by perhaps 20−30% and and the blue/green sky about equal to Haute Provence as in 1953-59. The sky is darker at La Silla than in Calar Alto probably because of (modest) light pollution at Calar Alto emanating from Almeria.
Level of sky brightness: B and V
Most sky brightness measurements available in the literature have been carried out in the broad band filters B and V .
We can directly compare our data with them only for the four nights 1978-02-05 to -08. In order to compare our intermediate-band data with the B and V data we have estimated the conversion factors using the UX, B, and V bandpass curves of Bessel (1990) . We find the following transformation formulae: where the intermediate band data are, as throughout this paper, in units of 10 −9 ergs cm −2 s −1 sterad −1Å−1 . We should note that although our intermediate band filters cover only about half of the total wavelength range of the B filter they still provide a reasonably good coverage of this band pass. The y filter is centered at almost the same wavelength as the V filter but is narrower by a factor of ∼ 5 and is, therefore, much more strongly affected by the bright airglow line at 5577Å . Therefore, our estimated values for the V band, which are based almost solely on the y observations, represent only an upper limit to the sky brightness in V .
We present in Table 4 our synthetic UBV sky brightness values and in Table 5 the observed ones. A direct comparison of the synthetic values with the measured ones is not possible since we did not have measurements in both photometric systems during the same night or even within the same observing period. We can do some comparisons, however, because the solar activity level was, during our BV RI observations in 1979 February, similar as the average value for our 1987 and 1988 observing periods. The average sky brightnesses in these two periods were: 1978 Feb.: I B = 22.81, I V = 21.75 mag/ 1987 Dec./1988 Dec.: I B = 22.65, I V = 21.59 mag/ where the latter values are synthetic ones. We have estimated the contribution of the 5577Å line to the signal in the y filter by assuming for its intensity a range from 40 to 400 rayleigh (see e.g. Dumont 1965; Dachs 1968) and for the continuum an intensity range as observed in this study. The result is 0.16 to 0.76 mag/ . Similarly, the contribution to the V band is estimated to be 0.05 to 0.25 mag/ . Massey et al. (1990) , using the measured spectral energy distribution of the night sky at Kitt Peak during the nights 1988-02-18 and 1988-03-29 estimated the 5577Å line contribution to the V band to lie between 0.10 and 0.29 mag. The V /y-band difference between our two sets of data (1978 vs. 1987/88 ) is in qualitative agreement with these estimates, and indicates that, due to the 5577 A line, the y band data are at least 0.1 mag/ brighter than the V band ones. The difference in the B band values is more surprising. There are no significant airglow or artificial lighting lines within our 3840/4160Å filter pass bands. Thus, the difference between the two periods is more probably due to a real sky brightness difference.
To compare our B and V sky brightness values with the previous measurements at other sites we list in Table 10 the representative minimum and maximum sky brightness for each set of observations. The minimum/maximum values given are averages of the three smallest/largest sky brightness values occuring in each set of data. The values refer to zenith. The corresponding solar 10.7-cm flux value is also given.
We have done some measurements of the zenith distance dependence of the airglow at ESO and Calar Alto. We have found that a correction of 0.05 mag/ is appropriate for B and V to correct the sky brightness from airmass 1.15 (a representative airmass for our nightly average values, see Fig. 1 ) to zenith. This correction corresponds, on average, to the results obtained by Walker (1970) for several sites.
The values given in Table 10 for ESO, La Silla are as follows: The B and V band given in bold numbers corresponds to the observed minimum and maximum sky brightness from the period February 5-8 1978 corrected by 0.05 mag to zenith; the numbers following in parentheses are the averages of three minimum/maximum values out of the whole data set including the synthetic values. As can be seen from Table 10 the difference between the two I B (min) values is minimal. The directly observed I V (min) value is 0.11 mag brighter than the synthetic one. In this case we consider the synthetic value more appropriate because it represents an observing period (Dec. 1987) closer to the solar minimum. Because of the 5577Å line contribution this minimum value should probably still be corrected by at least 0.05−0.1 mag, as discussed above (we have, however, not applied this correction to the data presented in Table 10 ).
The actually observed B band maximum brightness, I B (max), is clearly not representative as it refers to a period of only average solar activity. The synthetic I B (max) value should be adopted. For the V band maximum Barbier, 1956 , 1961 2. Dachs, 1970 3. Leinert, et al., 1995 . This paper brightness the same conclusion holds, except that here the synthetic I V (max) is some 0.1−0.5 mag too bright due to the 5577Å contribution.
Even without applying the correction factors discussed above (which would improve the La Silla minimum values) it can be concluded from Table 10 that the sky brightness at La Silla is very similar to the best among the other observing sites listed. We should note that our observing positions for the intermediate band photometry ("standard positions" in L134 and L1642) were located in the densest and darkest parts of the two dark clouds. At these positions there is still some excess surface brightness (scattered light) present above the surrounding empty sky level. This contribution amounts to ∼ 2−25 10 −9 ergs cm −2 s −1 sterad −1Å−1 between 3500 -5500Å (Mattila et al. 1996, in preparation) . Subtracting these values from the directly observed sky brightness values would not make any noticeable change. It is also to be noted that in the other night sky measurements listed in Table 10 excess surface brightness components of similar magnitude were present, e.g. due to integrated starlight within the large measuring aperture.
Spectral energy distribution of sky brightness
We show in Fig. 7 the spectral energy distributions (SED) of the night sky brightness as observed at ESO. The average values for each observing period are presented as filled circles for the intermediate band data (dark clouds L134 and L1642) and as open circles for the uvgr data (clusters of galaxies). We show, for comparison, the spectral energy distribution for Mt. Palomar in the night 1972-11-28 as reported by Turnrose (1974) . This observing date was ∼ 4 years after the solar maximum of 1968.9. We do not have a corresponding year in the solar cycle; of our years, the year 1980 is at the highest on the solar cycle, and clearly gives larger sky brightnesses than Turnrose's data; 1987 is just past a minimum (8 years after maximum) and has a lower sky brightness than Turnrose; the best agreement is with our year 1983, which was 3.2 years after the maximum of 1979.9. This diagram also demonstrates the large differences in sky brightness between adjacent wavelength bands in the red part of the spectrum.
For comparison we show in Fig. 7 the SED for the zodiacal light at the two observed dark clouds, which are located at the ecliptic latitudes of β ≈ −36
• and 15
• for L1642 and L134, respectively. The galaxy cluster areas had similar ecliptic latitudes of between β ≈ −35
• to −25
• . These ZL spectra were obtained by scaling the ZL values I U , I B and I V from Helios (Leinert et al. 1982) with the solar SED given by Labs & Neckel (1970) . As can be seen from the figure, the ZL contribution is always ≤ 50% of the total LONS. 
Description of the method
Photometry of the zodiacal light has been performed during the past thirty years by several space-borne instruments, most notably by the Helios 1 and 2 solar probes (Leinert et al. 1982) . Observing from outside the earth's atmosphere overcomes at once the problems caused by the tropospheric extinction and scattering as well as airglow.
There are, however, other problems with the space-borne observations, such as the starlight subtraction (because of the large field of view) or limited spatial and time coverage, which ought to motivate at least some ground-based observational work in future. So far the the most extensive ground-based zodiacal light photometry has been performed by Dumont and Sánchez (cf. Dumont 1976 and references therein) . Because of the innovative and accurate techniques developed by Dumont for the separation of airglow and zodiacal light ("Method of Multiple Heights") this photometry has remained a standard source of reference in the era of spaceborne observations.
In this section we will present another method for the separation of zodiacal light and airglow. As in the method of Dumont, we utilize the correlated variations of the airglow in two adjacent bands. However, unlike in Dumont's method, we do not rely on the zenith distance dependence of the airglow but rather on the different spectral shapes of zodiacal light and airglow around 4000Å. In our case both bands measure the airglow (quasi)continuum intensity, one just below and the other one just above the 4000Å discontinuity. The zodiacal light has a spectrum which is a direct copy of the solar Fraunhofer line spectrum in its narrow-band features (cf. Blackwell & Ingham 1961a,b) . We utilize here the discontinuity at 4000Å which is very prominent in the solar spectrum as well as in all late type stars. The intensity ratio for zodiacal light in our two filter bands was determined using the solar SED as published by Labs & Neckel (1970) , and we obtained for it the value I λ (3840Å)/I λ (4160Å) = 0.61.
The ratio is distinctly different from the observed intensity ratio for the airglow. This fact enables us to achieve a separation of the two components by observing the same fixed position on the sky at different epochs with greatly differing, but correlated airglow contributions.
Observations, reductions and results
In Figs. 8 and 9 the night sky brightness, as observed in the filter band at 3840Å, is displayed vs. the sky brightnesses in the the 4160Å band. Data from three separate observing periods, Dec. 1980 , Dec. 1987 , and Dec. 1988 are plotted in Fig. 8 for L1642 . For the other target, L134 (Fig. 9) , we had data for only one observing period in June 1979. It is apparent from these two figures that the sky Fig. 7 . Spectral energy distribution of the LONS at ESO. Solid dots refer to the intemediate-band data of dark clouds, open circles refer to the uvgr data of clusters of galaxies. For comparison, the ZL spectrum (relative form = Solar spectrum) is shown for the two dark clouds, as well as the spectrum of the LONS on 1972-11-28 at the Palomar Observatory as reported by Turnrose (1974) . Unit is 10 −9 erg cm −2 s −1 sterad
brightness variations in the two adjacent filter bands are tightly correlated. It can also be seen that the slope of the linear least-squares fit, shown as a continuous line, is close to unity for the data in Fig. 8 while it is somewhat steeper for the data in Fig. 9 . It is apparent that the fitted line does not pass through the origin in either c ase. This is due to the presence of the zodiacal light. We have plotted in Figs. 8 and 9 the possible locations of zodiacal light data points corresponding to the intensity ratio 0.61 as a dashed line, labeled ZL. If only zodiacal light were present the observed values for any position on the sky should lie on this line. As can be seen from Figs. 8 and 9 the ZL line and the regression line fitted through the observations intersect at I λ (4160Å) = 89 and at 95 10 −9 ergs cm −2 s −1 sterad −1Å−1 for L1642 and L134, respectively. This crossing points give the raw values for the zodiacal light intensity in these two directions. They have still to be corrected for atmospheric scattered light and extinction.
The observed night sky brightness as seen by a groundbased observer can be written in the general form:
I obs = (I EBL + I ISL + I DGL + I ZL + I AGL )e −τ(z) + I sca , where the individual components refer to the extragalactic background light (EBL), integrated starlight (ISL), diffuse galactic light (DGL), zodiacal light (ZL), and airglow (AGL). All these extraterrestrial surface brightness components are subject to the tropospheric extinction by the factor e −τ(z) , where the optical depth, τ (z), refers to the zenith distance of the observation. Part of the light which is removed by extinction from the above mentioned components is returned as scattered light, described by the term I sca . The scattered light along a specific line of sight depends on the light distribution over the whole sky above the horizon. For a given fixed position (in α, δ) I sca thus depends also on the time. Staude (1975) has performed extensive numerical calculations for the tropospheric scattered light with realistic surface brightness distributions for the ISL, ZL and AGL as the input light source. He has found that among the various approximative reduction techniques the recipe of Dumont (1965) gave the best agreement with the numerical results. We notice that in our case the components I ISL and I EBL are negligible, the former because of the selection of star-free observing areas. Nevertheless, the ISL still contributes to I sca by full weight and must be considered. In our case the "raw" ZL value, as obtained as the intersection point of the two lines shown in Figs. 8 and 9 is already free of airglow and also of airglow-induced scattered light (because the latter has the same intensity ratio I(3840Å)/ I(4160Å) as the airglow itself).
For the further reduction steps we apply the recipies of Dumont (1965) : (1) we subtract the tropospheric Rayleigh scattered light due to ZL and ISL; (2) we correct the intensity thus obtained for Rayleigh extinction ; (3) the aerosol scattering is strongly forward-directed and is assumed to cancel against extinction for extended surface brightness sources. We end up with the extraterrestrial surface brightness values of I 0 (4160Å) = 84.4 and 88.7 10 −9 ergs cm −2 s −1 sterad −1Å−1 for L1642 and L134, respectively. As a final step we have to subtract the diffuse galactic (scattered) light contributions from our dark cloud targets. They were accurately determined by comparing the dark cloud position with several OFF positions outside the nebula which are free of dust to very low levels (see Mattila et al. 1991; Laureijs et al. 1987) . The DGL value at 4160Å at the observed positions was 13.5 and 5 10 −9 ergs cm −2 s −1 sterad −1Å−1 in L1642 and L134, respectively. Thus our final values for the ZL at 4160Å at these two positions are: L1642: I ZL = 71 10 −9 ergs cm −2 s −1 sterad −1Å−1 L134 : I ZL = 84 10 −9 ergs cm −2 s −1 sterad −1Å−1 .
We can compare these values with the results of Helios 1 and 2 (Leinert et al 1982) . The Helios photometry was performed at β ≈ ± 16
• and ± 31 • , i.e. very close to β(L1642) =−35.9
• and β(L134) = 15.3
• . After small corrections for the ZL gradients according to LeveasseurRegourd & Dumont(1980) we end up with the following Helios values at 4160Å: L1642:I ZL = 86±15 10 −9 ergs cm −2 s −1 sterad −1Å−1 L134 :I ZL = 102±15 10 −9 ergs cm −2 s −1 sterad −1Å−1 . Since our values also have an uncertainty of at least ±15 10 −9 ergs cm −2 s −1 sterad −1Å−1 , we can conclude that the agreement with Helios is excellent. Although this good agreement may be fortuitous, we can still offer a possible explanation for the difference between Helios and our results: We have subtracted the diffuse galactic (scattered) light contribution (cirrus), a component which -thanks to IRAS -is now known to be present almost all over the sky, but has not been considered by the ZL observers so far.
For any further application of the method the following remarks should be made: (1) Although the correlation between the two filters just below and above the 4000Å discontinuity appears to be a very tight one, it is not certain that the extrapolated least-squares line really passes through the zero point (i.e. I AGL = 0); in other words, there may be a constant offset in either one of the pass bands. This will especially be the case if even a slight amount of pollution through artificial lighting is present. The strong Hg line at 4047Å may be very disturbing if included in the upper filter pass band. A high mountain site is preferrable in order to reduce the effects of atmospheric scattered light and extinction.
(2) Filters as close as possible to the 4000Å discontinuity should be used in order to avoid differences in atmospheric extinction and scattered light.
Summary and conclusions
We have performed intermediate and broad band photometry of the night sky brightness during 1978 -1988 at the European Southern Observatory with an observing technique that allows elimination of starlight and permits accurate comparison of measurements from different nights and years. Our main conclusions are the following:
1. More than 50% of the continuum sky brightness at ESO during moonless nights is due to airglow. The airglow intensity varies strongly both during individual nights, from night to night, and from year to year. We do not find any regular patterns in the nightly variations.
2. The night sky brightness variations in the different intermediate band continuum filters between 3500 and 5470Å are well correlated. This is in agreement with the "covariance group I" found by Barbier (1956) . However, variations in the broad band BV RI filters as observed in 1978 are poorly correlated.
3. The long-term variations of the night sky brightness in the airglow "pseudocontinuum" between 3500 and 6500 A are correlated with the solar activity. For the nine-year period covered by our intermediate band observations we have found a change of sky brightness by a factor of 1.5 in the blue spectral range, in good agreement with the earlier findings of . This solar-activity-dependent long-term variability must be taken into account when studying the long-term increase of light pollution effects, or when comparing measurements from different sites obtained at different dates.
4. We have compared our intermediate band sky brightness measurements with similar data from Haute Provence, Tsumeb (Namibia) and Calar Alto. We have found that the La Silla sky brightnesses are similar or lower than the three other sites.
We have compared our sky brightness measurements at La Silla with the broad band B and V values available in the literature for other good observing sites. We have found that the La Silla sky brightness is as good as that of the very darkest sites, e.g. San Benito Mountain or Hawaii.
These results are contrary to the public rumours that, possibly due to the South Atlantic Anomaly, the sky in Chile would be brighter than e.g. in South Africa or southern parts of North America.
5. Based on the good correlation of the airglow variations in the two adjacent bands at 3840 and 4160Å we have suggested a new method for the separation of the airglow and zodiacal light.
